This randomized, single-blind study aimed to explore the effects of intraoperative warming with a forced-air warmer in the prevention of hypothermia after tourniquet deflation in elderly patients undergoing unilateral total knee replacement arthroplasty under general anaesthesia. Patients were randomized to receive either intra-operative warming using a forced-air warmer with an upper body blanket (warming group; n = 12) or no intra-operative warming (nonwarming group; n = 12). Oesophageal temperature was measured as core body temperature. At 30 min following tourniquet inflation, the core body temperature started to increase in the warming group whereas it continued to drop in the non-warming group. This difference was statistically significant. The final core body temperature after tourniquet deflation was significantly higher in the warming group (mean ± SD 36.1 ± 0.2°C) than in the non-warming group (35.4 ± 0.3°C). Intra-operative forced-air warming increased the core body temperature before tourniquet deflation and prevented subsequent hypothermia in elderly patients under general anaesthesia.
Introduction
Peri-operative hypothermia, defined as an inadvertent drop in the core body temperature to < 36°C, is a common problem. 1 It results from the redistribution of body heat during the first hour 2 and, subsequently, heat loss that exceeds metabolic heat production. 3 The core body temperature tends to reach a plateau 3 -4 h after anaesthesia. 4 Elderly patients are more susceptible to hypothermia as thermoregulatory capacity naturally declines with age. 5 Coronary artery disease is common in elderly patients and even mild core hypothermia may result in increased circulating catecholamine Prevention of hypothermia after tourniquet deflation levels, which can lead to tachycardia, hypertension, systemic vasoconstriction, and an imbalance between myocardial oxygen supply and demand. 6 It is, therefore, crucial to minimize hypothermia in elderly patients.
The use of a pneumatic tourniquet for 'bloodless field' surgery is common in orthopaedic surgery. A significant decrease in core body temperature occurs abruptly after release of the tourniquet 7, 8 and is a result of the return of cooled blood from the ischaemic limb to the central circulation. If elderly patients were already in a hypothermic state before tourniquet release, the sudden decrease in core body temperature caused by releasing the tourniquet may aggravate the hypothermic condition, which can be extremely harmful during the post-operative period. Anaesthesiologists should, therefore, be cautious of peri-operative hypothermia in elderly patients, particularly when a tourniquet is used.
Active warming devices can effectively prevent hypothermia. 9, 10 There have, however, been no reports evaluating the effects of a warming device in preventing hypothermia in elderly patients when a tourniquet is used peri-operatively.
This study aimed to evaluate whether forced-air warming with an upper body blanket was effective in preventing perioperative hypothermia caused by general anaesthesia and tourniquet deflation in elderly patients.
Patients and methods

PATIENTS
This randomized, single-blinded study included elderly (> 65 years old) patients who were scheduled to undergo unilateral total knee replacement arthroplasty with general anaesthesia at Saint Vincent Hospital, Seoul, Korea, between September 2008 and January 2009. The patients were randomly assigned to receive either intra-operative warming using a Bair Hugger ® forced-air warming device with an upper body blanket (No. 522 blanket, No. 505 blower; Arizant Healthcare, Eden Prairie, MN, USA) (warming group) or no intra-operative warming (non-warming group). The study was approved by the Institutional Review Board of Saint Vincent Hospital, Catholic University of Korea, and all patients provided written, informed consent for participation.
Patients with an American Society of Anesthesiologists (ASA) physical status classification of I (normal healthy patient) or II (patient with mild systemic disease) were enrolled in the study. 11 They were excluded if they had any condition, apart from their age, that could potentially affect their ability to maintain normal core body temperature. Such conditions included thyroid disease or infection and recent (within 24 h) use of antipyretics that could affect basal body temperature. No pre-medication was used in this study.
ANAESTHESIA
Patients were covered with a cotton blanket but were not actively warmed before the induction of anaesthesia. The operating room temperature was controlled at 20 -21°C. All operative procedures were performed by one orthopaedic surgeon. General anaesthesia was induced using either propofol 1.5 -2.0 mg/kg plus rocuronium 0.6 mg/kg or thiopental sodium 4 -5 mg/kg plus rocuronium 0.6 mg/kg, all administered intravenously. After intubation, anaesthesia was maintained with 1.5 -2% sevoflurane and 60% nitrous oxide in an oxygen mixture. Patients were ventilated to maintain end-tidal carbon dioxide tension between 30 and 35 mmHg.
ACTIVE WARMING PROCEDURE
Patients in the warming group were actively Prevention of hypothermia after tourniquet deflation warmed from the induction of anaesthesia until the end of anaesthesia. In the warming group, the upper body blanket was attached with tape at the level of the umbilicus, covering the upper abdomen, anterior chest, upper extremities, head and neck. A high setting (43°C) was initially used on the Bair Hugger ® forced-air device and it was then lowered to medium (38°C) after the patient had been draped. Intravenous fluid or blood was infused intra-operatively using an Animec™ warmer (Elltec Co. Ltd., Nagoya, Japan) in both groups. No heating or humidification anaesthesia circuit was provided in either group.
In the recovery room, the hypothermic patients were warmed using a Bair Hugger ® forced-air warming device with full body blanket (No. 300 blanket). Oxygen (5 l/min) was supplied via a face mask to all patients.
TEMPERATURE MONITORING
The core body temperature was measured with an oesophageal temperature probe (Siemens temperature probe; Drägger Medical Systems, Danvers, MA, USA) at the following intervals: after induction; every 30 min during tourniquet inflation; and every 2 min until 10 min after tourniquet deflation.
SAFETY MONITORING
All patients were monitored for the following cardiac events during the study period; unstable angina, myocardial infarction and ventricular tachycardia.
STATISTICAL ANALYSES
The primary endpoint of this study was the final core body temperature after tourniquet deflation. The sample size calculation was based on the results of previous studies. 7, 8 After the minimal detectable difference and SD of this difference were set at 0.5°C and ± 0.2°C respectively, the sample size was calculated with a type I (α) error set at 0.05 and a type II (β) error set at 0.2 (80% power). Data were analysed using the SPSS ® statistical package, version 12.0 (SPSS Inc., Chicago, IL, USA) for Windows ® . Continuous data were compared using an independent samples t-test. The difference in incidence of hypothermia between the two patient groups was compared using a χ 2 test. Data were expressed as mean ± SD, except for core body temperature which was expressed as mean and 95% confidence interval. A P-value of < 0.05 was considered to be significant and all tests were two-sided.
Results
A total of 24 elderly patients aged > 65 years who were scheduled to undergo unilateral total knee replacement arthroplasty under general anaesthesia were included in the study and randomized to either the warming group (n = 12) or the non-warming group (n = 12). Demographic data, such as age and body mass index, were similar between the two groups (Table 1 ). No significant differences were observed between the groups in length of anaesthesia, time period of tourniquet inflation, the total amount of intravenous fluid or blood (packed red cells) used, or operation room temperature ( Table 1) .
The mean (± SD) final core body temperature was significantly higher in the warming group compared with the nonwarming group (P < 0.001; Table 1 ). The total temperature drop (calculated by subtracting the final core body temperature at 10 min after tourniquet deflation from the initial temperature) was significantly smaller in the warming group than in the non-warming group (P < 0.001; Table 1 ). The decrease in core body temperature within the time period from induction of anaesthesia to tourniquet inflation and limb exsanguination was not significantly different between the two groups ( Fig. 1 ). At 30 min after tourniquet inflation, the core body temperature started to increase in the warming group, whereas it continued to drop in proportion to the length of anaesthesia in the non-warming group. The difference between the two groups was statistically significant (P < 0.05; Fig. 1 ). The drop in temperature after tourniquet deflation was greater in the warming group by only 0.1°C when compared with the nonwarming group, although this difference was statistically significant (P < 0.05; Table 1 ).
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Hypothermia (core temperature < 36°C) at the end of surgery occurred in 100% of patients in the non-warming group, whereas only one patient (8.3%) experienced hypothermia in the warming group (P < 0.001; Table 1 ).
No morbid cardiac events, such as unstable angina, myocardial infarction, or ventricular tachycardia occurred in either group during the study period.
Discussion
In this study, intra-operative forced-air warming increased the core body temperature before tourniquet deflation and prevented subsequent hypothermia in elderly patients under general anaesthesia. This contrasted with the group of patients who did not receive active intra-operative warming, 100% of whom experienced hypothermia post-operatively. These findings are important, as hypothermia is a common problem during anaesthesia and surgery.
Multiple factors play a role in the development of hypothermia, including ambient temperature of the operation, anaesthesia-induced impairment of thermoregulatory control, internal redistribution of heat within the body, reduction in heat production from metabolism, inspiration of dry and cool anaesthetic gases, and infusion of room temperature intravenous fluids. 12 The core body temperature usually decreases 0.5 -1.5°C during the first hour after induction of general anaesthesia, resulting largely from internal core to peripheral redistribution of body heat. 2, 13 Heat redistribution is a primary factor contributing to core hypothermia and can be prevented by decreasing the temperature gradient between the peripheral and core thermal regions. If the temperature of the peripheral tissue approaches that of the core, induction of anaesthesia will produce little heat redistribution as heat only can flow down a temperature gradient. 9 Warming increases peripheral tissue temperature and, therefore, raises body heat content. Pre-operative or intra-operative active warming of the body is necessary for this purpose and can minimize or even prevent peri-operative hypothermia. 10 In a previous study, intra-operative warming with a forced-air warmer after induction of anaesthesia failed to prevent hypothermia in patients during anesthesia. 10 The patients with intra-operative warming did not, however, have a normal core body temperature (> 36°C) until the end of anaesthesia, which was > 2 h from induction. In their study, the basal core body temperatures of patients were near to 35°C and midazolam pre-medication was provided. This meant that patients were already in a hypothermic state prior to the operation and, possibly, that impairment of thermoregulation related to midazolam may have occurred. In the present study, however, the basal core body temperature was normal (> 36°C) and midazolam was not used. Core body temperature increased in patients heated with a forced-air warming during tourniquet inflation. As a result, most patients in the warming group could maintain a Y-S Kim, Y-S Jeon, J-A Lee et al.
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normal temperature (> 36°C) despite a temperature drop after tourniquet deflation.
It is crucial to minimize peri-operative hypothermia in patients with compromised heart function, such as elderly patients. This is particularly important as post-operative shivering increases cardiac output and oxygen consumption. Oxygen consumption can be increased as much as 400 -500% in shivering patients. 14 Post-operative hypothermia has also been associated with angina and myocardial ischaemia. Frank et al. 15 reported reduction in the risk of morbid cardiac events, such as unstable angina/ischaemia, cardiac arrest and myocardial infarction, in a normothermic group compared with a hypothermic group undergoing thoracic, abdominal, or vascular surgery. Besides cardiovascular morbidities, hypothermia may result in coagulopathies, 16 increased risk of wound infection 17 and lengthened hospital stay. 18 Thermoregulatory control is impaired in elderly patients 19, 20 and, consequently, inadvertent hypothermia is relatively common. Elderly patients also shiver less during spinal anaesthesia 5 and after general anaesthesia, 21 and generally have a longer duration of post-operative hypothermia than younger patients. 18 Consistent with impaired thermoregulatory control, the vasoconstriction threshold is reduced by approximately 1°C in elderly patients during general anaesthesia. 22, 23 Impaired thermoregulatory vasoconstriction together with reduced metabolic rate and reduced subcutaneous fat layer may increase the risk of peri-operative hypothermia in elderly patients.
Appropriate peri-operative management to prevent hypothermia is vital in elderly patients, especially when temperature drop after tourniquet deflation is expected.
In the present study, a similar temperature drop between anaesthetic induction and the start of tourniquet inflation was observed in the warming and non-warming groups. Subsequently, core body temperature in the warming group started to increase from 30 min after tourniquet inflation and was above the temperature at anaesthetic induction (baseline) immediately prior to tourniquet deflation. In contrast, in the non-warming group, core body temperature continued to decline during tourniquet inflation. On release of the tourniquet, systemic blood reperfused the hypothermic extremity and was cooled. Blood from the extremities would have been 'washed out' and returned to the central circulation, causing a sudden decrease of central temperature. 24 Although the temperature drop at 10 min after tourniquet deflation was only slightly higher in the warming group (0.5 ± 0.1°C) than in the non-warming group (0.4 ± 0.1°C), it was possible to maintain a normal temperature at the end of the operation in the warming group as the core body temperature had increased adequately before tourniquet deflation.
Bloch et al. 25 reported that core body temperature increased by 1.0 ± 0.6°C in children with a unilateral tourniquet and 1.7 ± 0.6°C in children with bilateral tourniquets during 90 min of tourniquet ischaemic time; all their patients were warmed by a circulating water blanket set to 38°C. Estebe et al. 26 reported that core body temperature increased in all adult patients (18 -45 years) with tourniquet inflation, regardless of whether they were warmed with active warming or insulation only. They suggested that tourniquet inflation was the main precipitating factor for the increase in core body temperature and that the increase correlated with the duration of tourniquet inflation. The results from the present study were inconsistent with the above-mentioned studies, as the temperature in the nonwarming group continued to decrease during tourniquet inflation. These differences are probably due to the patients' age, as all patients were > 65 years old in the present study and could, therefore, be expected to have impaired thermoregulatory vasoconstriction, reduced metabolic rate and a reduced subcutaneous fat layer. This presumably would increase the magnitude of hypothermia compared with what might be observed in younger patients, regardless of tourniquet inflation.
There were several limitations to the present study. Post-operative shivering and cardiovascular morbidities, such as postoperative electrocardiographic changes and angina symptoms, were not evaluated. In addition, evaluation of coagulopathy and wound infections, which can be caused by peri-operative hypothermia, were not explored. Further studies are needed to address these issues.
In summary, the present study demonstrated that intra-operative warming with a forced-air warmer prevented hypothermia caused by general anaesthesia and tourniquet deflation in elderly patients undergoing total knee replacement arthroplasty. Although a drop in core body temperature after tourniquet deflation could not be prevented, intra-operative active warming with a forced-air warmer increased the core body temperature before tourniquet deflation, preventing subsequent hypothermia.
